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(57) [gft] 

[tin] s**o¥a»»«** j F L *ast'r *c i 

nMH12<t, ^WIn x Ga n .».v,Al ¥ N 
(0^x v O^y. x + y<l) *»6»flE3tifclB»0 
#FS£, *Jv**l*M n.Ga c .—«,A UN (0£ 
s s OSt, s + t<l) ^6»fi83*iyfc«»©»lt» 

n§n, mtM¥«wsm^6^jastiA:paji 1 5 1 
«^n^o phi 5Cc^*ti^9Wa*«7c*(Da 

ffi». 1 x 1 0 l6 a t oms/cm'Hil x 1 0 19 a 
torn s/cm 3 jyKliSo 




1 

swb»rc!>±k:8W3*i. mmzmmtrnfrmms 
titcnmmt, 

*WWIn.Ga (1 . l .„Al,N(05x ( Og 

y. x+y<i> *>e>»«snfc«Ro#FJi4. -en 

WIn l Ga„.,.„Al,N {OSs, 0 g t . s 

+ 1 < i ) frhmmstiitmswmsLmtzmb* ®& 
mL&m*ttwmmts&m<D±Kmm2ti> mum* 
fjgep^jgtaTK^TE^*^*, flrsapss»cc£*tt&fflr 

IB*^7C^<D?gS«. lxiO"atoms/cm'« 
±1 x l 0 ,5 a t oms/cm'«KS5, ¥$#18 

[ 2 ] usee p mm km g tcS£#* . tra p a 

/iCC$*nSMg7E3R©i«S«, 4X10" atoms 
/cm'ttil x l 0"a t oms/cm'HTW, 

[ n#3 3 ] fria p an*^ 

c. Y. La, Ce, Pr, Nd, Sm, Eu. Tb> 
Ti, Zr. Hf. V. N bfc«fci>T a 9 

[St3S94 ] BtraBnM@{c*JWi*jR?*ffi«. 1 x l 
0"atoms/cmWC*5, iitSOS 1 ~3©l,> 

[it** 5 3 ne^Miflcmiamt. a i *^t?e& 

3 6 miBpSUItt. 1IWBA 1 **tfJl*^-or 

«»ilW)9ilBI^±W»l8»itl»«. It 
*I 1 KiB*S©¥aS{*#63fc3l-?-. 
[Bt*S 6 3 file A 1 *£tf Jl©Bfftt 5 n m «±-C 
AS. fS#^5K§etS©¥i£f*f£7fc^?-„ 

[it«97 3 ss©±«c. a^b«Mi£sw«m%fiSfis 

•e * C b CC «fc o X n an £ff*J&T & * r- y £ . 
frigenMli©±iC. I n,Ga (1 .,.„A 1 , 

N (O^x. OSy, x + y< 1 ) *>fcBfiSS*ifc«» 
©#FJf £. -en-en*M n,Ga (1 .,. tl A l«N (0 
^s, 0 £ t . s + t < 1 ) 3>»6»fiSSnft:«BK©We 

m t zm-r i> ^mm^^mmmnm s * f 

MI5^BS^#F^^ffitt)l©±(c. Wb*¥im*Mn 
fc^gSttSCiKJ^TpfflB^fiS-f*;^ ?:/<!: 

mrta p siMfcj&js-r sxf^tt, flria»i£©ja&£is 



(2) ^2 0 0 1 -2 9 8 2 1 4 

2 

[f»;jyi8 3 BUfapan^fiS-rsBtriaxT-? 
f-cfjgestsoss^mrgam 1 <Df$.mumfrh 4 o o -c 

IBi8©*«<*^*^^©$!iS7?^. 
[#6W©i¥*ffl&ift?B3 
[000 13 

10 * i i i -vmitsw^mfcrnxm+wmte^vmcm 

[00023 

feU— !f^^*-F©il^*iffi^tf%*>n-Cl»5. c 
©Jc^K, I I l-VMItMlh^iffii^f 
^Wx©*t*44l/-c^««:iil3<i-c^S. 

[0 0 0 3 3 S<k^ii#«. 

mm&m («t, wi*THvpEffiiPfA) . 
20 mts&j&fsffi&mm ( «t. ffliitfTM ocvDt 

[00043 i 1 1 -vmmt®mt&®¥m&<D® 

/^H'iBS©flFfiS* 1 *»tCBjiAj:/ca), I I I -V 
^kWm£^*{*©SR**fi&S1-£fca>© I I I 

ItC**. -e©/c«>. ISBt7 7-(7lWffll,>6h 
•S. L*>L. GaNi-!f-7T-YrS«i©ffl©^f-JFSE 
Ml/feGaNilJlO'-lO'Vcm' 

fccfcO^tftSCfUShT*. -S-C-C. GaN©iiilRj$fi*ffl 
C>Tfc«**^S-ttfcAraiG a NOWHG a NS*g*ffl 

[0 0 0 5 3 fb^*3W*©»*JR?-«:*}(,>T, *P6£ 

&A,xmm&tezotm*<D^^*n&mm*nmx 

HOUR. *l*fb^49W*-e»JR*«:£**lS« 

40 bnrtfc. 

[ 0 0 0 6 3 I I I -VttWfcWXfb^MomR^'C 
fflS^fc*83*iN6^:fc*JR-c&*. &{b18j&{k£4&¥ 

Lr3WR*fc«*JR<k^» <«*.«. *S{k*3Pt) *JflBt> 

ens. 

[00073 c©/c«t>, mmmtemm&v'is.mm 
so cc«. ^s©7K^* J #ai/-^-r<^So piioh-A 1 



3 

WU* % AppI. Phys. Lett. , Vol 
72 (1998), ppl 7 4 8CGS, MOCVDffiCt 

Ms«B»*2-3 x l 0 19 a t oms/ 
cm 3 CDi§^C2 — 3 x 1 0 19 a t oms/cm't* 

[000 8 ]*«^Mg, Zn90pIFw<> h <b*S 

[000 9] 7K^r p SJ|*qftS!fflfrr 4 C <b 
£^K<h Or, «p*»2 5 4 0 7 9 1 #KHJ7S 3*1*8 
ffi#*0£ftTl>£ o 19fM2 5 4 0 7 9 l#«CBSStl 
SftWrW, pi^»K-f>^l/cI I I -V* 
WbMR¥«tt*ttJtfc *JR***tt^#H«* , C4 

0 o •c«±oaRt?7-- y > ^wf ttbns. cor 
--yvyccfcfK pfiWlitF-t:>^ifcl I I 

1 I «VR8ft»**i**J»6ns. 
[0010] 

[S^JKftL/Jr^i-rSIHH] «»8254079 1 

tt«J©tSttib*j«Cf-5<tifetc, fl*0fc**<D»#© 

fc»*fc«;1RU ffitW*5Wb3«*fc»-C*S. WfflF 
^2 540 79 1 -9&«H8». P H»*JiMW6«te«: 

[0011]*fc rSfflta* I n ££trfteCCti. ** 
[ 0 0 1 2 ] 4fc, nSSJB<08ia*««B3W**l»»^ 

[0013] coj: ^^raa^ccje^rtts 

[0014] 

( i_k-v)A1 v N (0^x, 0^y, x + y< 1 ) #>&JI5 
Al t N (0^s, 0^t, s+ t< 1 ) frhJ&l&Stl 



(3) *SHJ2 00 1 -2 9 8 2 1 4 

4 

OTapa»w**5aR*d*. mzr>m 
»«c£*ns*WB^^©»Ktt. uio i5 ato 

ms/cmmi x l 0 19 a t oms/cmH^ 

[0 0 15] MBpailKMff7c3R£$#* itirfBp^Jf 
*C£*tt&Mg7C*©i*BH*, 4X10 19 atoms/ 
cid'HII x 1 0 21 a t oms/cm 3 «motfe 

10 [ooi6] ittfia^tt&ftfpms, «napsw*^u 

P^lK$e>iCl^, flTiBpSWtttt* PcL Sc, 
Y, La, Ce, Pr, Nd, Sm, Eu, Tb, T 
U Zr, Hf, V, Nb*J±CXTa*>6*r«»J:0a 

[0017] fr3EnaiBCCtoW*7K*«aw, 1X10 
17 a t oms/cm'aTtftottJ:^. 
[0018] |»B¥*fl«3l«*tt> A 1 

e>cc«^, liirifl prists, rn&A \ %&tsmzftbrm 

[0019] B?ISA 1 £$tfJt<DH Jfte:5 n mJM±r* 

[0 02 0 ] *IHB©4yitt«^*»jB* S 
«©±fc. ^{b^¥^i*tt*4^^S3ii*citci;oT 
SnUea^^f-^i, ^WIn x Ga 
(!_,_,) A 1 V N (0 ^x, 0^y, x + y< 1) *>6» 
^3n/cg»(D#F^<!:, *tl*ti* I n B Ga cl -.-„ 
A UN (0^s, 0^ t, s + t<l ) *>e>»flE3*l 

« BB£JM*#F*«iSttH©± 
CC, »b»^fl*f«4*Ji)E*3l**Ci«c<fcorpSJi 

xf>> mfiBS^cDMS^^ 1 ©atfifiKCcRfco 
**#^*d*ttc»*H»*r«{b«*3W*W* 

[0021] «HBpss»*jB^s*rsiHBxf - tk 

JM/x £^ £ & A4>Ttt<b«Mi^« AST «N 
40 KXf-*:/«T ~>tcmc. 

rmfl3g®<OiaS^MIB^ 1 <DS5fififi3«p6 4 0 0 "C* 

[0 02 2] 

©|gft©JB«*SWi't&. 

[0 0 2 3 ] 1 ) #»gj©5ft*W lilt, » 

F (LED) ©«4tRT. 

[ o o 2 4 ] h i ^mommm 1 © l e d jut- i 

©BfrMS'C&.S. LEDSR^ltt, «TCC^S4i5#JB 
50 CCj:*Jf^«E3n/c. 



5 

[0025] V? ?4T (000 lffl) Sfil 0±CC^ 
EMOCVDffitCfc*) A 1 N'*97rJll 1 £8«fiK 
5 5 O'CrtfESU 1 OOWGaN : S i 

<E>n§4:3>£* hill 2£5 ymffi^/Co &*) % 

TGaN:Sij«, S i * F-^L^Ga N J *«« 
f*. t(Djag©P£-c<DV/i I Itb«2 0 oor*o 

[002 6 ] #C*cS«iBfi4 7 6 0 'CCCTP5$#, * + 

SJ6j^rt©^*«:*j^-S8BR»E3&S0. 7 To 
rr(O^K, I n 0 .3jGa 0 .6sN : S i 
(Jgil2nm) fccfcO'GaN : S i cDPfMJf (W»4n 

m) ®smm<D0>mm*#Fmmimmi 3&&&$ 

tt, laJfiHTCA 1 o.iGa 0 . 9 N : Mg<^»Kihil 4 
?:2 0nm^t/c„ StE?&g£ 1 0 5 0 °C 

0C±#3th GaN:Mg©p^>^^hll5^: 
0. 3 MmfifeRS ■£/<:. C©<fc5CC % pm^>Z2 bM 
1 5 (pSM) ^MfS^f^tt, »£&g£l 0 

5o°c© (»i(DStsas) tc«%oo % 7m*i*z^ 20 
* ft c «ia* rgf b^¥*Sf**m£ /&g s s ^ f* * 

£KDT?£tt#x -c* o r <fc c > e 
[0 02 7 ] fiLhOJ: ^ftjWHR^a**^ y Arm 
«io±caSfif& **yy#x«S*#*©*£r, 

an*. **^*s*&c^sia*ti 0 5 o°ca>64 

0 0T^T*rRT*tffcft£. *JR#x*:£*ttl># 30 

H»*r©i^»T«, *-i"u*>a**rffttt>ti*!* 

[0 02 8 ] *fl»JS^«SfiUfc^*^*2»«U - 
*(D^x^CCn^n>df^ hJf 1 2^ttj-r^$rx^ 
ni3>^f^ hJI 1 2<D^ffi&C, Au/ 
Mo(DnItil6^Ml, p^n>£^hJil 5© 
«ffiCC, Au/N iOpSSffil 7*^JSS-r-6CiCCj: 
0. LEDJR^lJW^JSSftfc. CCt, rAu/M 40 
oj itt, AuiMoi<Z)^B«JfiCCcfc»3«ffi^«RSS 

[002 9 ] L E 1 tt. fBttS%2 0 mAt»* 

j&S4 7 0 nnK c d"C^7feL/c: 0 C<D<b£(E>g& 

fWEEtt3. 3VT*o/Co LEDSR^USfi. IEKj 
m»2 0 raA^frTt 1 0 0 0 ^ffl«ttfW:fTr>fc. 
ISA % 1 OOOmttMliftXia. WK^J:^ 

[0 03 0] HlCC7ftSn*J:9CC % #«9!©LED3R 50 



^2 0 0 1 - 2 98 2 1 4 
6 

«) f77^7lgl 0©i(C^y7Til 1 **r 
OTfWISft, GaN:Si (fiffc1»¥am*> *>6?&a 
$ti/cni^>^^ hBl 2 (nSJI) n^^>^ 

* h/f l 2©±oc«ii3ftfc£JM^FffiiM l 3 
<b, £Jifi^#F?SftJf 1 3®±tcftM±Jll 4*/r 

Lr^Ji^n, GaN (tt<Hif¥*ff0 *&**3ftfc 

p§3:n>£*hJf 1 5 (pSM) iWtl^. 
[0031] SIMS (Secondary Ion 
Mass Spectrometry) iBcj;0, L 

fc v CCDSIMSifJ^B, 2#»bfctf*^<Dtifcfr£/li 

[0 0 3 2 ] H2«. S I MS«J£fcJ:9»J£3ftfc* 

h/ll 5©Msi«KM:7x 10 19 atoms/cm 3 r 
**iiK»2 xiO^atoms/cm 1 ^ 
nSa>**hJll 2©**rAKttl x l 0 
17 a t om s/cm 3 (D^(iil^^T*C*^C<t^JH^ 
L/c, fcfc, fi**CDLEDJR^*H3a-r-5/c«)'vC«, 
pM^>3?^ Mil 5©**«ffittl x l 0 16 a t om 
s/cm 3 HJ:lxi0 1 'at oms/cmH^^ 
C£#*7SU>. */c, Pl3>^ hHl 5©Mg« 

4x l 0-* f a t oms/cm-'fiUil x 1 0"a 
toms/cm 3 WK^6Ci»U^ pi^> 
h«l 5*©Mffi^3W«<&£±, pi3>^ 
hill 5#<D*m&&t>m<te~iXb*i,\ »*U<fc 

[0 03 3]*HI«t« k pfi3>** hJll 53MS 

To r rT?*^c„ SJt^rtO^*CC*j^SK**if 
Mrr3<k* pi3>^ hSl 5©*««SWO 
/c« ctitt, lttW**fcMr^-r*ciccj:or. pI 
3>£* h/il 5*©*« (^StK^) *«Ri3ti5fc 

HI 5 Cia^r**. iSSjPrtcD 
^x*«c*JWS8HR»EO^ffCC*t-rs«^, 0. 0 

000 1%«±(7. 6xiO- s Torr«l) 1%« 
T(7. 6 T o r r T*tiK, pMn>^>;h/i 

1 5©7k*i«R«4 x l 0 18 a t om s/cm 3 ^ 

^oilSSWfflrrsftbOtc, *4c»tt, S^cotSS 

^*V>, CO. C0 2 . NOfectCfNCOa 

m.<D'J>rj;< ti> lo^Jtai-r^citc^orfc, pi3 

[0034]tMWlilt l ±aSLfcSEfi*i6iBI« 
©fiM#tt«Bl»T, f£ttll3^In 0 . 3J Ga 
,. 6S N : S (MJ¥2 0nm) CCU/cLED^T- 



*ft* Lit. SIMS 8H3E*fT ^ JtHW 1 © L 
ED^©pi3>^^ hJB©Mg«K«7 X10 ,5 a 
t oras/cm J t*i?§©i2x 10 18 atoms/ 
cm , tab^ 02&c^$ft£S lMS^07r-f;^ 
HSOSIMS^P7 7 ^WS^, C<DLED? 
>^©»ffi*»J5EOfe*S*. Ktt«SK2 0mAT»36« 
64 7 0nm, MK 1 . 5cd"C\ Mjft«IEtt3. 3V 

[0 0 3 5 ] Jt«W2 i It, ^JM^FttiSJSttJI 
1 3©iSfiB»*'CttLE D3R-T- 1 £RI1*(D;£g;frS;* 

fiftcc * + »; r #x <fc a^&Mav^ »; > y % 

TMRCCtfJOe*.* A 1 0 .»Ga Q .,N : MfirO««|»±Jl 
14£20nm, pi^ > £ * h® 1 5 £ 0 . 3jini« 

0 0*C-C2 0»HB»r^-il/*tT5Ci«Cj:0 P 

[0 0 3 6 ] mT~-JMD&S I MS»JS**Tofc*£ 
31, p§*3>£^ Ml 1 5<DMfirr«8«7 x 1 0 l9 a t 
om s/c m J r v *^?ftK&*6 xiO 18 atoms/ 
cm 3 t*SC <b L, tc a mm 2CDLED^>7' 
<D*W8te»JffityftfSS, iESM%2 0 mAT«3fe«*4 
7 0nm, jS?g2. 6cdt ( 16fWEW3. 7VT& 

[0 0 3 7j*fc, tt««3iUT, JtRW2iHJ«0 
^Sffi^fffllt, SttJf 1 3*1 n 0 . 3S Ga 
0 . 6S N : S i<D#Jl (JR«2 0 nm) CCOfc^SrfNH 
0, tl««2<bH«iC(fcr--;UaLED'7>^«rf¥H 
0/c o $*T^-;Uf£S IMS»J3£«:ffo/c*Sm. Pi^ 
y$?tmi 5<DMz&m*7 xi0 19 atoms/c 
m 3 r7KS?IS«6x 1 0 1B a t o m s / c m 3 TtHKW 

SOfclSS* fBtra%2 0 mA-C#£7Eifcg4 7 0 nm, 
KKl. 2cd"C\ «|fP*flE«3. 7Vt*o/c P 
[0 03 8 ]B3tt, IDSSWIlOLED*^ IteJcMk 
««1^3©LEDJR^oa*Kil 

*^-r . iooo iima© Jt«w 2 <d l e d m^<o 
■*#rstb«« 1 «, 1000 «na«»oivK<De 

T##6ft*. cn(cMlt, HftWlOLEDfR^l 

t«ioo 0B#r^3im^(D5WScDffiT^me>n*r, 

A<DLED*^H3HSnri^. ^JfeWll &Jt«mi 
<L*Jt»rr*<2: % pMn>£^ hJBl 5 

LED^^HS^#F«SStt©*Wr^ti^ 

[0 03 9)^4 (a) , (b), ( c ) ( d ) 



(5) WH2 00 1 -2 9 8 2 1 4 

8 

« 2 <fc vimm 3 col e d as?-©* - %> > m<oft& 

mmSKDS IMS^P^r^^to 04 (e) , 
(f ) % (g) (h) *HS6WOL 

ED«?1, tb«W2to«fcCXJt««3©LE 
DIRT-© 1 0 0 0«BB*-y>yaoMStt)i«2©S I 
MS7vyy<Ol>*7rs? 0 04 (a) , (c), (e) 
(fir) K^3ft&I n«K©0j<D8B»«, ^HS 
^F«3fifl»»+O#P»6c#lS0, I n«g©£© 

C»*. 04 (c «)• lOOOfllB*- 

5» Jtttfll 2 COL E D*^0*M^#F«IJi*S 

a>£„ 04 (a) *5<fctf (e) #FJf©I n#» 

[0040]i5U. p1^>^ h/i 1 5*<D**ai 
JglC*tT& 1 0 0 0m&MW&<DLEDtt<DmMX 
*^-T. MWWOfltt* 1 0 0 i LTtjs 

20 ^ cn^cOSW, nllgl6^Au/MotaO 
pSa«Sl 7*Au/Pd*W*Au/N i OC 

Au/PdCC«fcDJBJ5Sbfc«^*Ctt, pi^y^^M 
1 5 1 x 1 0 1 9 a t 0 m s / c m-'-filT 

t?*n«l 0 0 0«IBi-^>^aKfc3R*©IHEB« 
Tlfe */c. Pliil 7*Au/N i fC<fcOJgfi)E 
Ufc»6CCtt, pi^>^^ hVl 5*(D7k3RJ*lS*S4 
x 1 0 18 a t oids/cid 3 ^K^1 0 0 omffl 

30 [0 04 1 ] CCDJC^CC, pil@l 7CCBAu/Pd 

T?A0, p^n>^^ hUl 5*©tK^ 

pmiii 7cceK»$n, coaw*aiw»jn?#F 

^ffittill 3Cc4E»-r5t:i*JJ»«f6*i«*6'C* 
^>o **BS«^)«<S:U-CB, «AK, Pd, S 

c, Y, La, Ce, Pr, Nd, Sm. Eu, Tb, 
Ti, Zr, Hf, V, NbfcJ:^Ta^»ie>nrii 
pS««l 7*J*«l?jK^ai«:dtf»^tc, 

MSpam 7ccgK#$n^i^ ; 5^^f#en^„ 
40 pMUffii it*. m*-tt, Tmnm&m^tsmm^* 

WU#£o *Sl>B, pMmffil7(3:, *JR»j«^W* 

[0 04 2] nfia>dr^HB©*««K3WLEDJR^ 

^JiCCfc OLE D3R^-4ffiSE0fe. SJCB^rt©^/X*{c 
fcW S«*»E*« lOTorr (KKiftK 1 . 3 %) <0 
^frrc s 1f^r>fr (0 0 0 II) WRl 0±CC, A 
1 N©^»7rJBl 1 M^GaN : S i CDnM^ls* 

50 «tt«fl!)/'«^y>^^t«*CC«J0ftiL. SJfiJPrt© 



(6) 

9 

#*K*rtf*»B!«5flE«0. 7Torr (££Sig^ 

tago. 1%) iuramoxatff^cicccfcOLE 
mLtctc6, pm^is*? bm i sougmmzi x 

1 0 l9 a t om s/cm 3 t*^ **«K»2 x 1 0 
^atoras/cni'^^ nS=i>** hH 1 2<D 
*SR?«Ktt3x 10 17 at oms/cm^^C^ 

mwbtc c<Dm*<DV)M%fmz. mmm^omAv 

2fe#i&g4 7 0 nm, 15132. 7cd, *6fE«EEtt4. 
lVt*o/c 0 1 0 0 0«FHJ.-^>y»©«ptt«, IK io 
iI^2 0mA^ai4 7 0nm 4 4c 
d, *flF«Ett4. 5Vt*o/c a C©«fc5K:* 100 

<t##6tt/c. &*y. SEffijHi£2 0mA*— T 

[0 04 3] pS!»©JSSfijfeft»C©*^F<tBI«{CL 

5, niny^ hJgl 2 1 x 1 0 17 a t 
oms/cm'fiUiOW^ x.~ts>#<D9&ffia&frh 20 
»f«E#JJfU 1 0 0 0I^IHx-^>y«CCtMR^ 

Ml 1 2 ( nil) ©**«B»* 1 x l 0 17 a t o m s 
/c m'firFr&sc tifitt* 0l> o 
[0 044] £tc s HnciS3n&J:5tC, LED** 
l(DpMn>*# hJ|l 5tt, ^Jf S^#F?£ttJi 1 3 

©±«cwsi»jt» i 4*^ura»snrc^. jimn 

Jt»14», AimwS. CODA 1 ©ftffifCfc 

0, pi3>^^F115 *©»B**#£ WSi^F 30 

rSffili 3tca;ttu ^J1S^#FS14JI l 3#mf 

aSfcftSfcfcCCtt, SK^KjUB 1 4 (A 1 fc^tfli) 
©Jl/W*. 5nm«±**Ci3^iaaOC». 
[0 04 5] fcfc, #FH©ffl^S«I n 0 . 35 Ga„, 6S N 
MRfctifcO. #FJf «A 1 *£A/Cfc<fcC>. #FJ1<D 
fflfiStt. Htttc, ffi^I n,Ga (l .,. Y3 A 1 V N (0 
^x, 0^y, x+y< 1 ) "Cit*>3ft£ 0 P$ilJg<£>ffl 
fiSfcGaNCCRfctir, — «fC, Wln f Ga 
— A 1 t N (0 ^ s, 0^t, s + t<l)T3*fr 40 

[0 04 6] &*J, mmtU-y-r (0 0 0 1 ) Cffi 

cob* *>©r rate < , A®, r jrm&zm^ 

Tfccfcl*. Sfc, »«fcS i C, Sil/dJZnO^ffl 
[0 04 7] C©<fc5te, #»9JK:J:ft«, tSS^Sfi^ 
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[0 04 8] (WS«2) *»9JCMttt«2iLr, G 
aNifi±0»J6y-f*-K (LED) ©W*«"T. 
[00491 06^ *»l8©SaS«2©LED*^-6 
OlCDKS^r^^o LED*«0 1B, HTfcmS 

[0 05 0]1f77^7 (000 11) MLbfc'W V 
^4 KVPEffiT3 0 OumilCDGaN : S ife&ftS 

iCCj:0GaN (0 0 0 II) S«4 0W#6n/c o G 
a Nffi£4 0±tC«EMOC V Dffi*«C>TS«iBtt 1 
1 OOWGaN : S i ©nSS=i>** hJf 4 

[0 0 5 1 ] ac6C»«fiK*7 6 O'CCCTBS-a, * + 

I n D . 35 Ga,. ej N : S i ©#FH (MJ*2n 
m) te^TOaN : S iOBUl (gf4nm) <04JS 
JB©*JM^F«ifiJSttJ14 2 *JSfi3«ti\ 10 0 0 
°C"CA l„.»Ga..,N : M s <D»jfel»jhJl 4 3 * 2 0 n 
mJ£g3tf/£ 0 SffifiK* 1 0 5 0 °CCC±#5 

GaN : Mg(Dp^[a>^^ hH44^rO. 3ym 

«afl»TilK«:. 1 0°C/m i nCcSflgL/c. 
[0 05 2]GaN (GaN:Si) gffi4 0<DSm 
CC V Ti/Al(Dnlli4 5^MU pin>^^ 
4 Au/Pd©pilI4 6^Ml 

tc. 

[0 05 3 ] C<D£M:fEfSL2tltcLEDm*G 0 1 
tt, «W«2 0mA'r»3ieKS4 7 0nm. *?K3. 
3cdtm/c e CCO<b^CDSbffmE«3. lVt^ 

[0054] Sffl, IEim%2 0 mAtL E DJR^e 0 

i©iooo«*raa««*tTofcic%, iooob? 

[00 5 5] S IMS»CECCj:0Mg«R<fc**aiIi 
<Df¥ffi£tT ofc 0 pm^>$t> h/14 4CDM 

firr§S«9x 10 1J atoms/cm J t$>l 7K^£ 
fflnxiO H atoms/cm } t*o/c 6 nl^> 
3?^ hH4 l(D#*ift£ttl x 1 0 17 a t oms/cm 

hJ14 4©Mfir«K3&S9x 1 0 19 a t oms/cm J (D 
ii^, *Sa H a ^S^SSMSBTMS^2 5'C/m i n 
«Tr*n«pSSW4 4<D*3R«!eW4x 1 0 18 a t o 
ms/cm J HT^SC(i:*J|lffil/c. COS I MS 

aas«. ns*a4 5*jj:cfps*S4 6*}i5fisrs«r 

[0 0 5 6 ] SBfi«2 0>LED*^-6 0 IB. ffitt^4 
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a?). rSttJg4 2*<0#F/lCDl/lcr)^i¥?:l-5 0nin 
[0 0 5 7 ] Jfc«W 1 ©»3^* *«TK^3ftS*JB 

Ga.. t N :MgCWK«»±li4 3*fiRa3lt, pM^ 
>#*hJ144*0. 3/zm*g^/c 0 SPHfttlSA 

awr*^*:. cttttfc*©ii36#ffi-c*a. a*, io 
Jt«w i <D&ytm*i>, m&m 4 2 *cd#f/i© 1 mo 

[0 0 5 8 117^ tgtt»4 2*<D#FJ101Jl©l« 

west* a 1 0 0 oBfffljim^o^ots^a^^ 

f. tB*t»K**. iimfl]Jffl<D»K* 1 0 0 <t u/t^r 
J14 2 *<D#FH© 1 mvBMtfi 1 5 n m«T<D»£fC 

PfflUc. Hi«2OLED*^6 0 Hi, I 20 

2 t£<D#FJf <D 1 BCDJSSW 1 5 n m«±©*l^tc« 1 

ooo«fiHa««©3Wfi©iST^6n*. tons 

r£t$H 4 2 #cd#FH© 1 »(D««3&J*SJn , r * £ % 
rmm<D I nG a N0«HF«fn#ec o , cncc 

[0 0 5 9 ] (XJ5W3) #»?BC«IIHW3tUr. 
EEMOCVDK:J:0ff/aESti*U— !fy-f*-F (L 
D) ©W*jj*"r. 30 

[0 0 6 0] H8**, *§ZW<Dmmi3<DLDm+8 0 

[0 0 6 1 ] WrAr (0 0 0 lffi) Sffi2 0±CC7 
6To r rCD«EMOCVDffiCCcfc"3GaN^^7rJi 

2 i *mwm.h 5 o -cr/ags* . 1100 

•C-CGaN : S iCDn^n>^^ Ml 2 2 * 4 a mJ&fi 
Stffc. IMSSOO'Ctln^^Ga,.,, 
N : S i©2^y*|»jlJB2 3*5 0nmliRft3'tt. S 
ffi&g*W>'l 1 0 O'CiL/TA l 0>1 Ga 0 , 5 N : S i 40 
OnMZvv FJB24*0. 5/LimJSftSl^ GaN: 
S i ©nSStf-f FJ12 5*0. 1 ^mfi!ES3-&A:. C© 

[0062] yr^fciOTrateiB©^ 

tt*WR (O,) #EE#0. 2Torr (O.MttO. 3 

%) ©*#tt. s«afi*7 6 o-cccor i n.. 0l G 

a 0 . 9J N : S i <DJI* 4 n m/&g3t?\ ^©f£ v I n 
Q.nGa». ll N:Si ©#FJf (If 2nra) /In.. 50 
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0J Ga 0 ., s N : S i <Z)IVfiJ| (i»4nm) ©5HW© 
SMi«^#F«j6}Stt»2 6*«fiS-tt, 1 
0>1 Ga Q , 5 N: M g <D»3BIW±B 2 7 * 1 0nm*£g3 

[0 06 3] * * y r^so^MiftJRO/t^ v 

>^X4fflRO**T, StSSSl 10 0'CrGa 
N : MfifCDpStf-f FJi2 8*0. 1 limfiSiS*, A 
l 0 .iGa,. s N : MgOpS^7f FH2 9*0. 5u 
mJ&g£t!\ GaN: Mg©pf3 > hJH3 0* 
0. 3/zm«Rfi3t*fc. C<D<J:5tt, pil (pi^>f 
FB2 8, pI^7 * FJB2 9Wpln>^^ Mf 
3 0 ) *7£j?XT ^Xf v V'\%, W&imSk 1 1 0 0 °C© 
(Sg 1 cDJ&gMK) *3R#X*$*ftO>» 
Ha*r»t****l5*f**flEfi3-e:-5^f - * ^*tt# 

[0064] x?flH&iss««> % eafflFrttoWisa/xtt 

*A1^^»ie©»T*fTofc. COiSK. pli 
<pSS#-Y FJ12 8, pS^7»F12 9Wc;pS3 
MI3 0) *JBSELfc««:, t77 ^r^«2 0 

©Sftta* *«^***&ir*#H»*n i o o°c#> 
6^fi*ri$TStf&fts. *3R^***«ci>aa» 

aco. 4>fc< ifc»«iaff*«4 ooOTirr^^ro 
*H»^**^*#*ac*j:5fcm«io*. 

[0 06 5] JlffliaW«l/fc**'Vfc2»«U - 
#©**/>fcnffl:3>** hJi2 2*J|lttrt"**r2 0 
0 /zmfi©X h 7 7*ttJCi 7 ^>^?&ff pf3> 
*>?Ym?> 0©SI«CttAu/PdOpS«S3 2*2 
mnlKDX H^tttcMU n§£n>£ ^ hJI2 2 
©SlSCCT i /A 1 (Dnlli3 1 *fl2)#L/c e 
[0 06 6] LDf^8 0 Itt, IStCW^i (co 
ntinuous wave operation:! 
iBBfeffi) L/c, 't©H#©U 2 5mAr& 

9. 0*l»ffl«EW5. lVr^o/c. 
[0 06 7 ] B8K:7R3ftaj:5 0C, ^OLDJR^f 
8 0 1 (*3W*«**^-> tt, ^r^rlS2 0 (S 

LTQusti, mtmzmm^&f&ztittnmm (n 

^^>^^hH22, n3E*7 9 F® 2 4*J«fc^nS(^ 

-YFJ12 5) nanoiccawsnyt^wa^F 
rmmz6£, *»« : f#Fffitt«2 6©±ccas%i»± 
H2 7*^orS)i5n, Mk«¥«fM^62KidtsnA: 

pSM <pSW/-f F»2 8. pI^77 F»29*5J:» 
[0 06 8 ] HSKlTSSnSLDKT-SO 1 tt % 

^7^KiJti2 3*^w5^ cn«u-if^m 

^^v^l»j|JB*WSfe^LD*^fllifi^3ti 
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[0 0 6 9 ] S IMSWECCiO. 0 1 CD* 

3R«KiMfir?*Si©W4B*tToyfc. fcte, CCDS I M 

/Co 

[0 0 7 0 ] p^®*JHft£»» p®#-f FS2 8, 
Pl^7-;F12 9, pl3>^^hI30it3xi 
O^atoms/cm 3 ^! Mgilgit pg^-f 
FJB2 8, pSS^^v K»2 9*J:Cfpa[3>*^HI 
30£4>9xi0 19 at o m s /c m 3 r&o/c 0 
[0 0 7 1 ] SIJfiWltcteC^ri^L/cMSilHIDMffi 

*K^i«a*ll«l»rsci«:J:0. pSMOTkflHftft 

w*BBR©i«s*«ifBi'ra«:*3 , occ, asm*. k^<d 

CO, CO,, NOfc.kO'NO, 

fifll (pM#-f KM 2 8, p£*9? KS2 9**<fctfp 
S>:3>£* h»3 0) <D*IR«fi*WJISI'r-5C<S:3Wr# 

*o *^jtflir«\ sjsaprto^^Kijtfso.wi 
att^o.. oooo i%«±i%KTt?*n«, psi 

CD*^j§K«4X 1 0 18 a t oms/cm 3 WCi 

[0 07 2 ] Jt«W 1 <DL DSS^fcfftSOfc. tk«0l 1 
(DLDJKT-tt, pSSJi (pSM/Y F»2 8, pS^? 
F»2 9*y<fca r pS[3>dr^ F»3 0 ) *R© 

*+»;r^x<!:Lr*^flai\ p^HoflEfifi, MS 

8 0 0°C, SiRi«ffil 0 0%©#Ha*T2 0»Hlr^ 

-Jl>l?«Cit«W 1 CD L Dm+CD p §U8<7>*3SSK£ S I 
MS91&lC<k*)nffi?&£. 2 x l 0 ls a t om s/c 
m 3 T&o/c 0 

[0073] m$M2<DLD&*i>VEmLit. nam 2 

©LD*?-tt. »iS«^56W3CDLDIgT-8 0 1 iH« 
r**#, pil (pl^>f F128 k PW77FI 
2 9*Jcfctfp3S3>** FJB3 0) 0*tR8S«8x 1 
0 ls a t oms/cm 3 OT (fcWRJWStT) 
Jt«W 2 CD L D JRT-tfffltT * rf P -fe X Klgj&ffl 3 O L 
D*^8 0 1 <tEM$r&*. J:b««2©LD* : ?-«>Sffl 
rCW^JSL/c 0 CO*fiCC*j^SO*^ffl««W3 0 
mA«0, L,*l>«MHB*6. 9Vf*o/c B CCD«=fc 
tt««2<DLD*-T-», gOWH3©LD*^-8 0 
1 toJiVmm 1 © L DJR^cfc 0 *> U «t»ff«EaKff< 
fcoTl>/c 0 

[0 0 7 4 ] £/c v ?£fflI2 6£ I n 0 . 1S G a 0 . , 5 N : 
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Si (2nm) ©«WCCOfcLD** fcffiBLfc. r£ft 
H2 6**«i«:bfcLD*^'rtt, pSSJ1*SSRT*IB 

s> u - if c 6 tea* o /Co 

[0 07 5] ^JfeF«3 t it$$01 1 *£tftt«W2 CDL D 
[007 6]S9(t x-^>y«m (MUM) «:» 

10 0 Hi, 8 00 OWlOIlfl^CW^lf^Ci^I 

ts^n/co — # % ^K^n&^cc pmucd*^ 

«BM*2 x 1 0 t9 a t oms/cm 3 T&£J;bf$WllcD 

l d am* 1 0 mm<oim'i&cmw£<t u , p §*jf cd 

**T«K#8x 1 0 1S a t oms/cm j aTtl)^ 

2 cd l DSR^- « 1 5 0 mm<Dmmmcmw£{t b 

/Co CODJ^te, *^<Dj|SfeW3<DLD^8 0 1 
WftOLD** <*3W*«BR*) i^CoW 

£o 

[0 077 ]H10» t Pi3>^ MI 3 0<D7K^?S 
20 KCC2tf &LDffl^8 0 l©*A*7S-r. Pili3 2 
<Dtf*4£LTAu/Pd, Au/P tfcitfA.u/N i 
03«H*ffll»/c. nSlf3 1©«Ril/m Ti 
/A 1 ©#4/Bltfc. HI 0«C*5l»r. 8 00 0 

B#Hai*f*K:^ k^«§ c o r 1 > ft c » l d ( -r & *> 
^ 8oooieiai«±©3eA*wrsLD*T-) b, 8 

0 0 0«FH©*A*W"rSLDiR : f iurinsn-ci* 

5ooo«Fia«±©5S***-rs 

30 LD*Wfiftimtt3tl&, HI OCCtt, 50008$ 
HO«*«ttll 10 0 1 V^jkto 
[0 07 8] HI 0^6»^<fc^CC. p^m@3 2CD 
iW^L DS-T-CWSAK^jKIBWr*. pllg3 2 
(D«f^ibTAu/Pd*ffl^/ci©^ pSS:a>** h 
H3 0 ixi0 u at oms/cm 3 jy± 

lxiO^atoms/cm^^T^nH 5 0 00 
^WiCDLD^CD^^^^n^o Piti3 2 
(DWUtbXAu/N i ^rfflO^/ci©^, pi^>^^h 
J13 0CD7k^t§S^3 x I0 u at oms/cm^Xh 

40 6 xiO l, atoms/cm J i^Tf^ft 5 0 0 0 
mm a±<D L D S-J-CD^^Rg 3 tl *> o p MHt§ 3 2 
©1vff4<bLTAu/P ttflt^iW, Pl^>^h 
H3 0©7k«T*K* s 4x 10 l6 at oms/cm J Jili 
BxiO^atoms/cm^^KW 5 0 0 0 
KfflKiOLDS^oaHfejWafiESnS. «cfc, HI 0 
Z0m LX±ML /ciimW^tC ffl I » 6 n/c L D p 
ffl^^v F»2 9©*«iaS<0«HW. p^n>^^ h 
H3 0CD7k^r§SCDf5Sil^G8 x 1 0 1S a t oms/ 
cm 3 J^±3x 1 0 19 a t oms/cm 3 tira^c, 

50 [007 9] il 0^6^S«fc^«C, SSAOLDSR 



15 

^*^-f Sfc&CCtt, pSW®**fflfitt 1 x 1 0 16 
a t oms/cm J Hll xiO^atoms/cm^H 

4x l 0 19 a t oms/cm 3 Wl x l 0 ?l a t om 

[0 08 0] ftfc, pSSW«:**<i-5 3o©li (pS[*f 
-YFJ12 8, p!^7 9 FB2 9*J<fc^pl3>f ^ h 

130) <D*n^nr*iR(o«a[*s— aLri>4ciw 
ifi^artt^o. pMntc#$n^3ocD©cD-en^nr 

[0 0 8 1 ] &tc. mi 0*>«3**«fc9K:. p^m® 
3 2CC»Au/Pd*flai^C<k*«»*0C*. Cfttt. 

hm^j i cc*$i>t p mmm 1 7 ten Lr±a*ofciigai± 

ta«©JSHIK:j;5. T&fr^ PI1I3 2#*3M?j» 
£Jii£St?J§£CC, »S4cX^pS««3 2(cR*3n 

«3 2tt % Tk^Bfja^S^^O^UfHI^^r^otfe 

cfc*v> 0 

[0 0 8 2 ] J/c, pS*7? FJI2 9©*IRrSSCC*f 

sn«H«&n»DHflW96ti^ paw3 2o« 

f4iUrAu/Pd*ffll^c»^ pH*S?FJI2 9 

x 1 0 16 a t oms/cm J fiLbl x 1 
0 15 atoms/cm 3 HTtW 50 0 0«fH« 

±cd l d x^flMW&jtK ^ n * o p rnrnm 3 2 ©*m 

iUAu/Ni^l^, pS*7*FJB2 9© 
#*i*K#3x 10 ls at oms/emmex 1 0 
"atoras/cm'HmW 5 00 0B$fflfet± 
©LD*^©**3W3ft5SSn*. pHS3 2(DMI4i 
UtAu/PtSffll^, pa^7 9Fi2 0O* 
ffSgK#4x 1 0 16 a t oms/cm 3 «i5x 1 0 1S 
atoms/cm J Hmtitf, 5 0 0 0 WfHI«±<0 

l d g^cDf*NW>ij$ $ n . 

[0 0 8 3 ] nil (nia>^ hH2 2, nM?? 
v FJi2 4*$<£tfnM#-Y F»2 5) ©**«KfcLD 
^8 0 1 ©fffACcKSfS. nSW©**iSS^ 1 x 
1 0 17 a t oms/cm 3 OT^^Ci«OU 

[0 084] */c. SSCC^Sn^^C, LD^T-8 
OlOp ^HS^#Prg&Jl 2 6 <D±.t,cMMM 

jhJI2 7t^Ur»Ji3tirc>*. 3R»l»JhJi2 7tt, 
A 1 t^tC^. C<DA 1 ©fffflJCiO, Pllt© 
m^^J|JFF#FiS1U2 6(cttKl/. £/§S* 



(9) ^2 0 0 1 -2 98 2 1 4 

16 

#Fi8^2 6*^ft-r*Ci*8 6K:|»±3ti*. ft 
fe. COJ:9ft«UUS+^fV6ti«A:a()Ktt i ftfH&it 
127 (A14SM)©lWtt, 5tfmHiMCi 

[0 08 5 ] ftfc, #FJfQfflJ&t* In,. 15 Ga 0 ., 5 N 
CC|R6httC». #FJf tJA 1 **A/TfcJ:l>. 
ttftK, HttOC. «In > Ga (1 .,-v,Al,N (0 
£x v 0^y, x + y<l)ti^^. FfUJiOffl 
«fcIn,. 0J Ga». 9! .N{Ci6ni — IMC, «Jfi5£.I 
10 n, Ga (1 .,. n A 1 t N (0 < s, 0£t, s+t< 

1) ~cmt>ztiz 0 

[o o 8 6 ] mmmscDLDm^s o im *^»f 

JB (ni^7>; Fi24fcJ;l?pfi^79 FJH2 9) 
A l^Ga.^NSfflTOW A l<D«gJfctt0. 
l*CR6*lttl». Sfc* ^^irFiiLt, AlGal 
nNOlS^6titt<fc< 4 A 1 Ga N/G aN, 
A 1 GaN/A 1 GaN. A 1 G a I n N/A 1 G a I 
nN, A 1 Ga I nN/GaN^<0iBtS^»«*m>6 
JVC C<D£5CC, pM*^ v FJI2 9#A 1 £ 

20 st*c t mmfi±M2 1 wa\ z&ttm&tm 
mcc p ^3 > * * f n 3 o <Dm%7m&&mm+#p 
W&fi^26^mkirict4:a±vii>. Sfc, n 

m**9 FB2 4#A 1 *$tfCiCCj:0, ni^>^ 
* h jg 2 2 #F«Jfiiiffil 2 6 fie 

[0 0 8 7 ] mi ltt, pMJlOMsr^tejfrrSLD 
*?-8 0 pS««3 20tffiiLtA 

u/Pd^rffll^Cp pSW©Mg«K#2x 1 0 19 a t 
om s/cm 3 feU:2 x 1 0 Il a t oms/cm 3 WTO 
30 m£tCs pmm<D*m$&\*l x l 0 l »a t oms/c 
m 3 «±3xi 0 l9 a t oms/cm 3 tlTi^ 0 01 

1 p^l(DMgM^4xi0 19 a 
t oms/cm 3 WJ:l x 1 0 21 a t oms/cm 3 J^T 

r * ta* , 5000 b$ri«±o l d *^oi5#^aflt £ 

[0 08 8] (%K0I4) *»«CW)6»«4ibr % G 
a NSfi±CDL D*^OD0»*7S"r. 
[008 91 112H *j8BHfl!>IW«4©LD*-T-l 

2 0 1 (DMBt$)6, L D*^ 1 2 0 Hi, «T«C7j* 
40 8ft*#«Cj:9ffi8Sftfe. 

[0090] t7r-{7 (000 11) »«±«CM-f F 
7-f FVPE&T3 0 0 /LtmJKDGaN : S i m«j%S 
0, WSffCj:»}^T^r*«*l«*OA:GaN (0 0 

0 i h) »S5 o^ften/co s«5 o±«c, assa 

1 1 0 0°CrGaN : Si(Dnl3>^^ h«5 1 * 
0. 8/zm^cg8-ti, A 1 t .,Ga,. B N : S i<DnM? 
7fKi52*0. 5um^g3-ti, GaN:Si©n 
SJjtf-f F»5 3 40. 1 mnftftS-Sfc, C<Z)fiSfiSPB 

so fc«:*ire&&„ 
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[0 0 9 1 ] * + VT*}Xte£Vm®&®<D>* 

^vyt/xxz^micmmz., fiS»fiK*7 5o-c«: 

ltIn 0 . 15 Ga J( , 5 N: Si <D#FH (Jf i!2 nra) 
/I n 0 . oj Ga 0 .95 N : S i ©Bit® (Jfi¥4nm) © 

3®mo&m&¥#F®&xmm5 4zi&&2i*. pus 

KTA l 0 .»Ga a ..N : MgOMmtjlkMS 5*1 On 

y>y#x«S*<D**r, i&gfifii o 5 o°crGa 

N : Mg(DpM#-Y FJB5 6*0. 1 jzmJ&S5i2\ A 10 
lo.iGa..,N : MgOpi^7-> KIM 5 7*0. 5m 
mfiEfiSl*, GaN : Mg<DpM^>Z? MI5 8* 
0. 3am^l$t/c 0 COBS<DS)£jPrt©^XitiJc*5 
tt*WR«BH*0. 0 8% tbtc a 
[0 0 9 3 ] ^CC, K^«Jfi3W«SL^ I >*^«:2 0 0 
jumBO* F7^Wn^>^^ hH5 1 ^ggfflT 
&g-Cx^>^*m\ pS>:n>£^ h^5 8<omM 
CtAu/Pd*P6&&p^1i6 0*5 MmiPiOX 
-f^R«C»J«U, nIGaN: S iSfi5 0OlH(Ctt 
T i /A 1 fr6ttSnl3K«6 1 *^0/c o 20 
[0 0 9 4 ] CCDJ:^tCLT^ff$n/cLD^T-l 2 0 

S»«2 0mAr*»3, 0#C»ffl«E«5. OVMo 
/c 0 LDf^l 20 1 *^M, Kimift3 SmATiim 
I«H*fTofc*S*, II^l 0 0 O^M^MUTk 

[0 09 5 ]±aiU^C, SfiO^fc^OTB^fc 

«36*^ (LED^^/cttLD^) #11313*1*. 30 
[0096] 

HCD7k^7U^<D?g@[te;, ixio n atoms/cni 3 
WllxiO ls atoms/cm 3 «TiC$n^ en 
K J: 0 , p ©**^M^F«Jfi«tt«K:a:* 

[h i ] *§m<Dmmm 1 ©l e d^t- i <ommmv$> ao 
CH2] s iMSMjEcc^oaajesnyfciR^flijfi^M 
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g^Ki**«Si*^-ria"c*^ 0 

[H3] ||JS«l©LED3RTl*J«fcO f Jtt2«ll'-3<D 

[H4] (a) - (d) ra^n-en* #£»w©led 

1 4d<fcOUWJ 1 - 3 ©L E D**©x-^>*fir 

(e) - (h) ts^n-en, #satw©LED« : fu 

<fctf JfcBW l - 3 CD L E D*^© 1 0 0 0 B*|fflx-i» 
^©fSttUfflffl© S IMS^P7y^;l/**tHt* 
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